We assessed the variation in thorax size, wing size and wing loading in populations of Drosophila subobscura from two ecologically different habitats and within each habitat sampled during three periods of the day. The traits analyzed differed between laboratory reared samples and field collected samples. Differences were mainly caused by environmental factors and genotype x environmental interactions. While there were no significant differences between populations for particular periods of the day, within-population analysis for each sex showed specific differences. Results showed that wing loading was the least variable character in natural populations, also showing the lowest level of sexual dimorphism. The data are discussed from the aspect of the variability of gene arrangement frequencies over daytime periods obtained previously for the same samples. They are consistent with models of maintenance of genetic variability in multi-niche habitats, and are in favour of a type of reactive behaviour dependent on ecological niche qualities on a daily rhythm scale in D. subobscura.
The ability to adapt to suboptimal environmental conditions enables the survival of species in ecologically variable habitats. Particular genotypes in a population interact with the environment and provide phenotypic variability at morphological, physiological, or behavioral levels. Variation in morphometric traits, such as body size parameters, can be studied as within-population variability between individuals and traits, or as betweenpopulation variability (SOULE 1982; COYNE & BEECHAM 1987) , reflecting the source of variation.
Studies show that body size in natural populations of Drosophila varies with temperature, latitude, altitude, and other specific habitat variabilities (ANTI- PIN et al. 2001; JENKINS & HOFFMANN 2000; MORIN et al. 1999 ; VAN T'LAND et al. 1999) . Experimental results have shown that body size is associated with several fitness components such as mating success, longevity, fecundity (REEVE et al. 2000) . Phenotypic and genetic variation of morphometric traits in D. melanogaster is influenced by temperature and nutrition as well (BUBLY et al. 2001; PETAVY et al. 1997; IMASHEVA et al. 1998) .
Drosophila subobscura is a wild Drosophila species, ranging over almost all of Europe, populating habitats at altitudes from sea level to the upper forest boundary. This species exhibits uniquely rich inversion polymorphism along all five long chromosomes. This polymorphism shows a clearcut geographical pattern but less clear annual variation, while there is little evidence of altitudinal, microgeographic and habitat-related variability (KARI & HUEY 2000; RODRIGUEZ-TRELLES et al. 1996; ORENGO & PREVOSTI 1996 , 1999 . The diurnal variability of gene arrangement frequencies was investigated in D. subobscura populations from ecologically different habitats (SAV- KOVI et al. 2004) and it largely depended on the variety and dynamics of ecological factors.
Body size in D. subobscura also shows temporal variability (KARI & HUEY 2000) and a latitudinal cline of genetic origin, which suggests the action of natural selection on this trait (SANTOS et al. 2004) . Studies on heritability of body size parameters in D. subobscura are scarce and show that genotypic variance is low in nature, but with strong differences between data obtained for different years (ORENGO & PREVOSTI 1999) .
The Drosophila subobscura model system is appropriate for monitoring microevolutionary change as a way of studying the effects of global change (RODRIGUEZ-TRELLES et al. 1996 . In the present paper microclimatic variability in morphological traits differently related to fitness in two D. subobscura populations is assessed. The degree of phenotypic variability is analysed among three body size parameters in populations of D. subobscura from two ecologically different habitats and within habitats sampled during three periods of the day, and in their laboratory reared progeny. The study also assesses the level of sexual dimorphism for the observed traits in the natural populations, as well as in their laboratory reared progeny. The goal is to assess the degree to which genetics, environment, and their interaction shape variation in these two populations of D. subobscura. The local samples were taken from two forest communities (topographically about 4 km apart from each other), at about 700 m above sea level: the Abieto-fagetum and Fraxineto-quercetum habitats will be hereafter referred to as "beech" and " oak" woods, respectively.
Material and Methods

D. subobscura
Both populations were sampled simultaneously at the end of June, using fermented fruit traps. Ten traps were set 10 m apart in a square formation in oak forest, and in a rectangular formation in beech forest. The area covered by traps was thus 400 m 2 in each habitat. If 30 m are added in each direction, then according to BEGON (1976) and LOUKAS & KRIMBAS (1979) with regard to the dispersal of D. subobscura, the total area of the study site was 7000 m 2 . Flies were sweeped with a net in three periods of the day: 06:00-08:00 -"morning sample", 12:00-14:00 -"noon sample" and 18:00-20:30 -"evening sample". Thus, six groups of isofemale lines were established according to habitat (beech-B and oak-O) and day period (morning-M, noon-N, evening-E). The F1 generation from these lines emerged under optimal laboratory conditions for D. subobscura (19°C, relative humidity, 60%, light intensity about 300 lux, light/dark daily intervals 12h/12h).
Males and females from each sample caught in the field were analyzed for wing and thorax length. Males were measured directly from the field, but females were first placed individually into vials to obtain isofemale F1 progeny. After F1 emerged, thorax and wing lengths were measured on 50 females and 50 males from each subgroup within habitats.
Thorax length was measured from the neck to the tip of the scutellum, on the left side view of etherized flies. The left wing from each fly was cut and prepared on a slide for measurement.
Wing length was taken as the distance from the intersection of the third longitudinal vein with the anterior crossvein to the wing tip where the third vein ends. Measurements were made under a binocular microscope, with a Leica/Cannon Image analysis system.
Wing loading (WL) was calculated as the thorax (T) to wing length (W) ratio (T/W) for each fly. The F/M ratio representing the degree of sexual dimorphism for all samples for each trait was obtained from the mean values in females (F) and males (M).
Prior to statistical analysis log 10 transformation was done for all measurements. A post-hoc LSD test was done within three-way ANOVA (ZAR 1999) with generation, habitat and day period as sources of variability. The homogeneity of variances was tested by Leven's test using coefficients of variation for traits, habitats and sexes as effects.
Results
The means and coefficients of variation (CV) for thorax length, wing length and wing loading in D. subobscura from natural populations (NP) and F1 progeny are summarized for each population, sex and character (Table 1 ) Population and daytime variability analysis for the means of the thorax length, wing length, and wing loading of D. subobscura field samples and F1 progeny are given as through 3-way ANOVA results in Table 2 for both females and males. Table 3 shows the results of the homogeneity test of variances, using coefficients of variations for three traits, two habitats and two sexes.
In natural population samples, there is no significant difference in the means of all traits and both sexes between habitats (Table 2) , as well as in their variability (Table 3) . However, between generation variability and mean size differ significantly. Means of all traits were found to be significantly lower in the wild samples than in their offspring under laboratory conditions (Table 3 , all P<0.001). Analysis of the interaction generation x habitat in both sexes ( Table 2 ), shows that oak population samples have a higher increase in mean size in F1, which is also trait specific; a more significant increase for wing, less for thorax, while this interaction is absent for wing loading.
While there were no significant differences between populations for particular periods of the day, within-population variability analysis for each sex showed specific differences. Females were generally more variable in both wing and thorax lengths throughout the day than males. Significant differences for all three traits were found in natural samples from both populations. The highest values for traits were obtained for females sampled in the evening from both habitats, as shown by the daytime (DT) effect in ANOVA (Table 2) . A significant generation x daytime (GENxDT) interaction shows that these differences between daytime samples do not occur in F1 reared in laboratory conditions. Sexual dimorphism for wing length, thorax length, and wing loading were estimated as female/male ratios, calculated with means for each trait, each daytime sample, and field population, as well as for their F1. Generally, calculated for the populations on the whole, sexual dimorphism was the same in field samples and in F1. Females were always larger than males. In terms of each trait, and on average, the values were highest for thorax length (females were about 3% bigger) and lowest for wing loading (1%). Variability in sexual dimorphism within natural population samples is significant; the highest dimorphism was found in the evening field samples for thorax and wing length in both populations, but this changes in F1 progeny. Females in F1 from all daytime samples have on average a 3% larger thorax and 2% larger wings than males, while sexual dimorphism for wing loading is non-variable in natural populations but shows higher variability in F1, due to the smaller WL for males (Table 3 , SEX effect) 
Discussion
Body size is a complex polygenic trait and its different parameters such as thorax size or wing size are easily affected by environmental conditions. It is shaped by natural selection in insects and Drosophila as well, with latitudinal and altitudinal clines and little data exist on seasonal changes and microhabitat variation (JENKINS & HOFFMAN 2000; HAERTY et al. 2003) . Diurnal changes of combinations of environmental factors in a particular habitat represent the basis for microhabitat temporal variability. Similar factors that influence body size at a large scale, such as between seasons, may be attributable to variability within the day, if favorable genotypes are positively selected. In the present paper, higher phenotypic variances were obtained for two natural populations of D. subobscura than for those in the laboratory. This was expected due to the extreme heterogeneity of the field conditions and confirms that phenotypic variation of morphometric traits declines in the laboratory, compared to field samples (BRY-ANT & MEFFERT 1998). The across generation differences between the two populations indicate genotype-environment interactions as the main source of variability. Several papers describe low heritability of body size obtained from natural Drosophila populations (COYNE & BEECHAM 1987) and heritability for wing length across environments was not obtained for several Drosophila species (JAENIKE 1991) . Heritability of wing size in a natural population of D. subobscura was reported by ORENGO & PREVOSTI (1999) , but a highly significant difference was obtained between the years sampled due to quite variable climate conditions. Thorax and wing size are highly positively correlated within the samples, and variability studies across environments showed the correlations are greater in natural conditions, as expected. The traits analyzed in the present paper varied consistently under laboratory conditions, but not in the samples from the wild. Temperature sensitivity of wing size was consistently negative over temperature range (GILBERT & DE JONG 2001) in several Drosophila species investigated, and thorax size may be selected towards temperature compensation to achieve optimal physiological performance. The results of PETAVY et al. (1997) in the two sibling species, D. melanogaster and D. simulans, demonstrated clear-cut differences of thorax size, wing size, and wing loading between the two species, with varying temperature. In D. subobscura, MORETAU et al. (1997) surprisingly obtained different TMVs (temperatures of maximal value) for thorax and wing lengths, which are assumed to be positively correlated. It is possible that wing loading (thorax/wing ratio) is the target of natural selection, rather than the two traits themselves. Our results indicate that wing loading is a more stable character, which suggests that it may be more related to fitness.
While no significant between-population differences were presently found for a particular period of the day, within-population analysis showed some significant variabilities among the samples taken in the morning, noon, and evening. Although temperature has been implicated as a selective agent for clinal variability in body size, microhabitat specificities, the result of interactions among various factors, are considered optimal in a given ecological niche. Temperature and humidity are among the most important environmental factors affecting the adaptive strategies and evolution of insects. It has been shown that microclimatic contrasts can shape the direction of selection for body size in natural populations of D. melanogaster and D. simulans (NEVO et al. 1998) .
Sexual dimorphism in body size exists in Drosophila, and studies confirm that it is a plastic trait (MORIN et al. 1999; REEVE et al. 1996 REEVE et al. , 2000 . The low level of sexual dimorphism for wing loading suggests that the genetic correlation between sexes is high for this trait. The fact that the highest dimorphism was found for the thorax in the evening samples from wild populations, but not from laboratory progeny, indicates a strong sex x environment interaction. REEVE & FAIRBAIRN (1996) suggested that the trend of decreasing dimorphism is due to the complex nature of the growth process, influenced by temperature and food, occurring differently in both sexes. Little is known about the use of natural resources by D. subobscura (KRIMBAS 1993) which is not a generalist species. Feeding behaviour may differ between sexes throughout the day.
Although the primary signal that influences activity in D. subobscura is light, humidity appears to also be a limiting factor (ANDJELKOVIC et al. 1985; BEGON 1976) . Local differences in topography and soil composition, as well as the distribution of dominant trees within " beech" and " oak" forests modify microclimates considerably. Generally, the temperature is the lowest in the morning, rises slowly towards noon, peaks at the time of maximum exposure and decreases during the rest of the day. The humidity values change oppositely to temperature. Due to the buffering effect of a dense, closed canopy of beech forest, both temperature and humidity changes are less intensive and rapid as opposed to open oak forest, in which rapid and more drastic temperature and humidity changes are due to more direct exposure. Also, the humidity changes in beech forest occur later than the exposure intensity and temperature changes; a humidity shift does not occur in the oak habitat.
The relationship between genetic variability, particularly chromosomal inversion polymorphism and body size, was studied in natural populations of D. subobscura (ORENGO & PREVOSTI 2002; SANTOS et al. 2004) . SAVKOVI et al. (2004) analysed samples of D. subobscura, used in the present paper, for diurnal and habitat variability in gene arrangements. Some selective pressure regarding habitat differences was observed, indicating the presence of different homokaryotypes or heterokaryotypes, depending on ecological factors, such as light, temperature and humidity, and their dynamics. Arrangement frequencies of the morning samples appeared particularly interesting, and were in accordance with similar studies (GOSTELLI 1991) . According to SANTOS et al. (2004) changes in O chromosome gene arrangement frequencies in D. subobscura, as a response to temperature, likely underlie the correlated changes in wing shape because of gene-inversion linkage disequilibria. The results of SAVKOVI et al. (2004) point to an interaction between different coadapted parts of the genome as a mean of optimal habitat adaptation. Our data are consistent with models of the maintenance of genetic variability in multi-niche habitats, and are in favor of a type of reactive behavior depending on ecological niche qualities on a daily rhythm scale, rather than on a fixed circadian rhythm.
